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Abstract

Chronic obstructive pulmonary disease co-infections with viruses are of increasing concern, and
respiratory syncytial virus is the most common virus in acute exacerbations of COPD. In RSV-infected
COPD patients, RSV participates in the innate immunity of COPD patients through three modes of re-
ceptor recognition: Toll-like receptors, RIG-I like receptors and nucleotide-binding leucine-rich
repeat receptors, acquired immune injury response causes a dysregulation of the Th1/Th2 ratio
and generates cytokine imbalance. Inmune escape of RSV enhances the inflammatory response in
COPD patients, causing apoptosis and tissue destruction. Supportive therapy is still the mainstay
of treatment for RSV infection, and RSV vaccines in development focus on live attenuated vaccines,
vector vaccines, subunit vaccine particulate vaccines, and mRNA vaccines. This article provides a
review of the pathogenesis, innate immunity, acquired immunity, immune escape, therapeutic op-
tions, and progress in vaccine research with the aim of improving the understanding of the impact
of RSV on the pathogenesis of COPD.
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1. 518

i 5 2 3 R — AR 5 (metagenomic Next-Generation Sequencing, mNGS)HIHE) ™, 9% 2% T S 18 P BH 28
4 Jifi < 9% (Chronic Obstructive Pulmonary Disease, COPD) & V4 i H 25 73 LLE AL, PRI & % 75
(Respiratory Syncytial Virus, RSV) & AH M. A3CHE RSV %) COPD 1EH A mibLil . faReiki®. JaI7 77
SEANBIE F0 2 F2 55 J7 TH I DAL SR, s ORI 8 B 4t B 22 ) BE il 5 e R A 3
2. RSV 5 COPD #y#ftssi#t iR
2.1. RSV 5 COPD #fi&

RSV 2 BT BUE A B £ B RNA i 8E, F 2B GLIPIGE R g, FEZH 4K 15.2 kbp, 4wfd 11
R A, Bkl 2 MRS KR E(NSL A1 NS2)H1 9 Fhés iR H, MIE A aE 3 Fa i EH (G, F
FISH), G HEEM F HEEX RSV LR AR RS HE[1]. G EHSE FHMEM R RZARLEEN T
WS 1E E AN BRI AN e kiR (2], FEAN PR ESE RS, R EERE3]. RSV K
F A VS =R, = MEE SRR B iSe, S50 WA =46, Rk SmEE
KA o F 8 B A B A R F 2 A (pre-fusion F, pre-F) ARl & J5 F 2 [ (post-fusion F, post-F)Hi Fiy 42,
FAE -V A @ 3% 6 FORE IHURAL &, H-1V PLEAL ST pre-F. post-F M RINAFELE, @ FV A7 s N NAT
T pre-F ¥ Z b (1) sh R UARBBURAL £, 8 pre-F A 50T B S5 5 i A

RSV YL E N, 7] 5 E IR R v A B R R K2 (4], B R B, RSV AE IS has-miR-34b/c-5p/
CXCL10 4hiFs S AN E COPD &S & M % [5] - Wilkinson Z5[6] &4 ¥ RSV 5 COPD Si& 4 iE I
FIFEVL Inid FR#A 5. COPD HB#HEEY RSV J&, mll I HEHHUR M MRE T AL 7 Fh 5
R %577 S Nl 2 Ju A i 25 G B S 40, AT B G B A, R4 A7 /E T COPD B i 7]
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22.RSV EXXMERE

RSV i i fe 2 S AN BT A SL R S B B0 A, b B AR M )P A At Dh e AL, 512 COPD AH2K
R 2L GORE M G A6 B IB[8] . FEIR R T & FIE NI, iR 52 44 (Pattern Recognition Receptors, PRRs)
VU JE AR IR DG 7 RO 5l R G S R B, A RE T RRIA[9], =M EERMM PRRs: £
Tift Toll #£3244(Toll-like receptors, TLRs). Z g Joi ¥4 2 % 15 5 & [K]-1 #3278 (RIG-I Like Receptors, RLRs)#
W IR 45 & 55 AL 45 iy I8RE 22 4 (Nucleotide-binding leucine-rich repeat receptors, NLRs)#E RSV 2 5 | Fz 4f
0 P B 8 BB v R AEAE R

2.2.1. RSV i1k TLRs &

TLRs 72 | BUPSIESZ AR 1, H SR B 01 IR0 03 SR A B DR 57 25 44 [10]« TLRs {5 58 2% 030E 5 in 1 9t
AN TR A . AMFIER TLR2. TLR3. TLR4. TLR6 1 TLR7 $7 5 RSV M EAEH, ik
YR AR N . UK B S RAE FEH IFN-I A%, TLR3 1 TLR4 NS TR KT T 3
(Interferon Regulatory Factors, IRF-3) (0 , 1755 IFN-1 (77245, B INF-8 59533 , 0% % 7 «B (Nuclear
Factor kappa-B, NF-kB). F# Z 435 ] (Interferon Stimulated Genes, ISGs) %% 5% . NF-«B &1k i 45
PEE A =0 TNF-a, 1SGs ¥t FR R AN 7 [11] [12], F1dk kit . Fr, TLR3 RIA
Nt COPD Mfiithie FFEAH X, RSV-TLR3 M SFHAENES S T LI #E[13], WHEZ RSV S
AECOPD ffaf:F % .

EAGE E RN, TLRA/CD14 E &R 5] RSV I EEAM M 43244k, il 5 RSV i F AL &,
BE NF-xB A SR 7 B, (23 1L-6. IL-8 Fl 1L-10 5[5l Hi4iRIE , 75/ AR E vk,
F AR 7K T TLR4A/CDA 15 5% 511 1L-6 20 W[13].

TLR2 TE Ay a4l F3RIA, % 5 TLRL 8k TLR6 JERCTIR Rk, BUSL KA. £ RSV
YL, RSV G & A #0F TLR2/TLR6 15 51£%, P& IL-6. TNF-a S5 &IEN I, NS0 B TE R [14].

Lukacs [15]Z 70 KB, 7E RSV JEYerh, mliEd TLR7 S RIEM IL-7 AIWEIRGE 1% 41 2 5 47
FENFIRGE B YR . fE RSV G/ NR T, TLR7 MR HE 7 WP E 18 1t = 28 AN v S N [16] TLR
()58 IR TTREBIEE T COPD B4 RSV [ st .

2.2.2. RSV fil& RLRs i&&E

RLR Z A5 4L 8 R 175 S 3L AT (Retinoic acidinduced gene |, RIG-1)5 5 4 298 /- L HH LK 5 (Me-
lanoma differentiation-associated gene 5, MDAS5). ‘B 1/&f/ii RNA fiiiefg il ATP B, ] 10 Aot o 350
PERIEHI SR EE RNA ML XEE RNA, JE 30 TS SilIE, FAEMRIRGER 52 R H 5% K 7 (TNF
Receptor Associated Factors, TRAFS) #2285 [ A 51, (2 3 TP 15 K 3 B 7 (IRF3/7) A NF-xB (17380 »
S IFN-I 1774, Rt SO SE A 1 234 [17] [18]. RIG-I A1 MDAGS & RSV NS1 I NS2 [#) CLen#Ekr, %
55 RIG-1 5 MDAS 1] DL S KA SR 2515 5 5 R E A4 G, 3 — P H0E NS 557 S A 5K 1 [19].
B FARIE, £ RSV B YL I FLAN Y41 M B /s B AL A, S0 RIG-1 AT 0] RSV 3 2 11 5 il 5 8 44 [20],
RIG-1 5 MDAS 4 8 F ok B 10/ UG RSV JG 77 A BE D () IFN-1 g 28 PR 17 [21] . X et 53R B, RIG-|
5 MDA-5 25 T 15 LB 1l RSV &4,

2.2.3. RSV ffi® NLRs i&1E

NLR S5 4H P P 40 M o3 A5 2%, FEHSPUW AR N AR B e R e B R HEAEFH . NLRs 25 1 #
SENMEA R, ([F55 T FRiuE L BREAMATES . NLR K% 01 NOD2 i id s IFN-1 /S5
B R PE N, RSV YL, A AT RIE I i NOD2 [3RiA. WFtRe, 5 ARNRAML, NOD2
RPN BRI RSV Z) itk 25 3858, IRF3 IS 22 IFN-I (7= 2E 982> [22]. NLRP3 9 NLR K% 55—
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i), HIE

BB, BT CASPL SEAEFI ST /M, 0E IL-18 1 1L-18 R A/KMR . HEIRIE, 7EEY: RSV /N &
KIRMEWEA0L A+, NLRP3 B #IE[23].

2.3.RSV 5#%BHERE

RSV &YLf¥) COPD &35, Th1/Th2 b1 S bbb = A (40 M PR 7~ Sk i 2 5 7 WK 1) S e 4049
i, RSV Alidid CX3CR1 EYwHi L L B 40, 30 IL-10 7034 F0 Th2 R M[3]. 7E2)LH, W TLR 55
e Rl BT S 2 R T R SRR I T AR S A 9, W] R B0 R B2 SR 7] Th2 AT Thl7,
TR R Thl F1 CTL R i[24]. RSV AIA# Thl Bud 24 B 4> F1 IFNy 0BTk r=E, A%
T ARSER BT [25], PTREAETE 3 S )i R /K A€ 1) T-Wi SN EE[26]. Th2 SWodssin, r 4 1L-13,
SR BENLAR 7] 25 3 /0 8 8GR A7 1) COPD 77 1) K J& o

2.4. RSV 5&giki%

RSV 575 LRI B A EAEH : — 51, RSV Y FiffE 3 IFN-1 & 1SGs [R#ImE EHl, 5—
J7 18 » RSV ] IFN-1 354597 25 52 il B SR AL P2 o NS B8 (A 2E 3 S R 08 15 S S it B /R,
JERGL [F] I AETE NSL A0 NS2 HE DA BRI RSV 5 28 N B REZH B AN b Rz 4, Lok gy s /S BE PRk 2k RSV
T A=A L2 1) IFN-1, £ 8] RSV FHIKr IFN-1 $% 58 2% B NS1 F1 NS2 2 [8] (i Bk [F1 1 [27].
RSV [ %% 8k i 7] T3 RLRs &2 H ¥ K I REAE 5 R+, W RIG-1 %24K[28]. MDAS 24k, itk
WEESEAEEEN, B3EM T IRF3 5 NF-xB %5. NSI1 Ml NS2 & & WHE i B 2 bk I i 14 i 14,
AIPEAR IFN-1 B P2 MR . kiR v BB T RSV 15 e KA M FHrE i 32, B35
5% COPD #RE /RS, 54 ML T ) LMK . T fif RSV [ S e b AL 1A B T FA T8 v AH 5% f 4 g
3. RSV 5i&fr

YHRRIT R HATRYT RSV B R EF B, O &R HEAE A 0 I P 5 5 B Ak G 4
Pallivizumab 5 Nirsevimab. H #IREHE 20T RSV B4R D, FIEFEMRZIRIT RSV MEEHY).
CVA MK RSV S i gkt Briv: 2023 455 H 3 H, SEE &2 5B R (FDA)E 77 -3 —FH
F 60 % J LA B A RSV BEH . H155 24 &K st v (GSK) W ) AREXEVY, T 2023 4£ 6 H 7 H3KEEL
WAk, 2023 426 H 1 [, FDA #it#E 1 B sm il (1 FH T F0k7 60 % e LA B AHEH B RSV 51 RE 1) R RFIL
TBPIE I RSV 1 ABRYSVO. HETIFRHK) RSV & WA A . ARS8 A0 Bt
ST AT MRNA JE 78 A
3.1 mEEEH

IR I B, B ARG R AR A ) S OB, E AR IR ORI R I % L LR
WE 22 A, I HE b % JE M [29] o 36 B B 5K BORT A% G5 B 5T BT W R ) kB S 9% T RSV/ANS2/
A1313/11314L 98 NS2 E:HEhKE 2 RSV FEEBEEE N S+ 1313 s AIARE B SURAL I Pk EE 771
Cunningham &5 [3014R 18 [ £t 5%F 6~24 /> 7 % L35 B 14 ) L 28 98 855 9% 1 RSV/ANS2/A1313/11314L F1RSV/276
(IREF, % SEIAE %R 1 B BRI e A i, BHal, KREH0REHEm T & Hr
Bt
3.2. HiFEH

AP B E I A AR A, RIRANEIED, TR AU N AR G s B, H AT B RO R
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JE TR A A . Janssen Pharmaceuticals i & ) Ad26 RSV pre-F {5 i LRG0 4, 2 W40 1. 1 3]
g RS ORI, 78 12~24 ¢ )LEE Pre-F i 32 1% R4F[31]. (HAE N1 56, Janssen 2w # 25 HhE
{5 1EJF K % 1 - Bavarian Nordic fiF & i3T5 1 22 R Hi BE(MVA) BAR B MVA-BN RSV {506 7 1 B
KB PR FEEL AT, 7E 1N VANIR B 70 R BE 3 PG WPIRGE s (1 K 22 % . VANIR 5T 1 d 2%
MRS R 2R, MVA-BN RSV Tl /0 2 Fl T REIGE B AEIR K AL IR0 9 59%, & 0T 22 4.,
SR T 07 6 1) 2220 3 i LRTD SR K A IR 42.9%, 5 2250 40 1 30E To S E V22 e

3.3. MRNA & &

MRNA % 1 @K Db SR 2 11 mRNA B S NG RN, s R & s m, dim=
AP N . TEHIRIAT WAL, mRNA ZEH R T H AT SARS-CoV-2 YL . msltE. IRsiA%E
#4[32]. Moderna JF& T 4FxFZ24FE N HHAE. Zr=d. MG LER mRNA-1345 21, HEA
mRNA FEFIA K, 4ifid pre-F % EH . HET, mRNA-1345 4T 11 MG ERIF 7T, FIF-iBh 60 & K LA L
ZENT RSV &Y.

3.4. WRLIfEH

i GSK i) RSV pre-F3 B & M3 T pre-F MR EAM AL, 25 GSK LH1
ASOLE 456 GSK KA N1 RSV pre-F3 FEHifn % 4 AREXYY (NCT04886596), v/ f1%HE 1]
(1760 & J LA b NHERI RSV ™ 0 A T IPHR I B 4% (1 XU FEAER T 94. 1% M3 A R B IF R T 5T pre-F
ORI R, TR N a6 (T103C-1148C) AR M JE R 7 I E 78(S1901) « 7 FLff € 4% (D486S) »
R T 847 My, FARMEULHIEI T —Fh A TR AR . ARIE 1208 T R R N B T
7E RENOIR 5056 7 55 7~ H 88 i 97 2%[33]

BREEwish, TSR AT IF & 2 H . Nirsevimab (MEDI-8897)& N —/C v difhz —,
PR B ER T pre-F MR AR S BURPURAL S @. B Nirsevimab #b, ERVW R AT IEAF KL K
N —4% mADb, Bl Clesrovimab (MK1654), Clesrovimab +&—Ff4x AJEHT RSV fili & 9 & (A B w Pk, 1F
AT IR 3 HASELG

4. &

COPD AMFFE RSV HUEYL N, JAZ) T L, BEKERAER T, MImntsm mifE . RSV &
HFE MR COPD 3 78 S M I 2 AR B0 HH 15 N i) S RE BT o 3 JLH 4R BE R AR BRI 28, 0T RSV |
F T RIS TR R, A 20 RSV Bl M S e BB A e TF R 2 h, @i — g, wf
DUHATE 3R 15 50 S I (1

SE

[1] Rodriguez-Fernandez, R., Mejias, A. and Ramilo, O. (2021) Monoclonal Antibodies for Prevention of Respiratory Syn-
cytial Virus Infection. Pediatric Infectious Disease Journal, 40, S35-S39.
https://doi.org/10.1097/inf.0000000000003121

[2] Ouyang, Y., Liao, H., Hu, Y., Luo, K., Hu, S. and Zhu, H. (2022) Innate Immune Evasion by Human Respiratory Syn-
cytial Virus. Frontiers in Microbiology, 13, Article 865592. https://doi.org/10.3389/fmicb.2022.865592

[3] Kopera, E., Czajka, H., Zapolnik, P. and Mazur, A. (2023) New Insights on Respiratory Syncytial Virus Prevention.
Vaccines, 11, Article 1797. https://doi.org/10.3390/vaccines11121797

[4] Dransfield, M.T., Kunisaki, K.M., Strand, M.J., Anzueto, A., Bhatt, S.P., Bowler, R.P., et al. (2017) Acute Exacerba-
tions and Lung Function Loss in Smokers with and without Chronic Obstructive Pulmonary Disease. American Jour-
nal of Respiratory and Critical Care Medicine, 195, 324-330. https://doi.org/10.1164/rccm.201605-10140c¢

DOI: 10.12677/acm.2024.1461900 1222 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.1461900
https://doi.org/10.1097/inf.0000000000003121
https://doi.org/10.3389/fmicb.2022.865592
https://doi.org/10.3390/vaccines11121797
https://doi.org/10.1164/rccm.201605-1014oc

(5]

(6]

(7]

(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
(18]

[19]

[20]

[21]

[22]

[23]

Liu, D., Tang, Z., Bajinka, O., Dai, P., Wu, G., Qin, L., et al. (2023) miR-34b/c-5p/CXCL10 Axis Induced by RSV In-
fection Mediates a Mechanism of Airway Hyperresponsive Diseases. Biology, 12, Article 317.
https://doi.org/10.3390/biology12020317

Wilkinson, T.M.A., Donaldson, G.C., Johnston, S.L., Openshaw, P.J.M. and Wedzicha, J.A. (2006) Respiratory Syn-
cytial Virus, Airway Inflammation, and Fev; Decline in Patients with Chronic Obstructive Pulmonary Disease. Ameri-
can Journal of Respiratory and Critical Care Medicine, 173, 871-876. https://doi.org/10.1164/rccm.200509-14890c¢

Sikkel, M.B., Quint, J.K., Mallia, P., Wedzicha, J.A. and Johnston, S.L. (2008) Respiratory Syncytial Virus Persistence
in Chronic Obstructive Pulmonary Disease. Pediatric Infectious Disease Journal, 27, S63-S70.
https://doi.org/10.1097/inf.0b013e3181684d67

Carty, M., Guy, C. and Bowie, A.G. (2021) Detection of Viral Infections by Innate Immunity. Biochemical Pharma-
cology, 183, Article ID: 114316. https://doi.org/10.1016/j.bcp.2020.114316

Sedeyn, K., Schepens, B. and Saelens, X. (2019) Respiratory Syncytial Virus Nonstructural Proteins 1 and 2: Excep-
tional Disrupters of Innate Immune Responses. PLOS Pathogens, 15, e1007984.
https://doi.org/10.1371/journal.ppat.1007984

Fitzgerald, K.A. and Kagan, J.C. (2020) Toll-like Receptors and the Control of Immunity. Cell, 180, 1044-1066.
https://doi.org/10.1016/j.cell.2020.02.041

Gao, W., Li, L., Wang, Y., Zhang, S., Adcock, I.M., Barnes, P.J., et al. (2015) Bronchial Epithelial Cells: The Key Ef-
fector Cells in the Pathogenesis of Chronic Obstructive Pulmonary Disease? Respirology, 20, 722-729.
https://doi.org/10.1111/resp.12542

Chen, Y., Lin, J., Zhao, Y., Ma, X. and Yi, H. (2021) Toll-like Receptor 3 (TLR3) Regulation Mechanisms and Roles
in Antiviral Innate Immune Responses. Journal of Zhejiang University-SCIENCE B, 22, 609-632.
https://doi.org/10.1631/jzus.b2000808

Liu, D., Chen, Q., Zhu, H., Gong, L., Huang, Y., Li, S., et al. (2017) Association of Respiratory Syncytial Virus
Toll-Like Receptor 3-Mediated Immune Response with COPD Exacerbation Frequency. Inflammation, 41, 654-666.
https://doi.org/10.1007/s10753-017-0720-4

Alshaghdali, K., Saeed, M., Kamal, M.A. and Saeed, A. (2021) Interaction of Ectodomain of Respiratory Syncytial
Virus G Protein with TLR2/TLR6 Heterodimer: An in Vitro and in Silico Approach to Decipher the Role of RSV G
Protein in Pro-Inflammatory Response against the Virus. Current Pharmaceutical Design, 27, 4464-4476.
https://doi.org/10.2174/1381612827666210716160030

Lukacs, N.W., Smit, J.J., Mukherjee, S., Morris, S.B., Nunez, G. and Lindell, D.M. (2010) Respiratory Virus-Induced
TLR7 Activation Controls 1l-17-associated Increased Mucus via IL-23 Regulation. The Journal of Immunology, 185,
2231-2239. https://doi.org/10.4049/jimmunol.1000733

Miles, M.A., Liong, S., Liong, F., Coward-Smith, M., Trollope, G.S., Oseghale, O., et al. (2023) TLR7 Promotes
Chronic Airway Disease in RSV-Infected Mice. Frontiers in Immunology, 14, Article 1240552.
https://doi.org/10.3389/fimmu.2023.1240552

Seth, R.B., Sun, L., Ea, C. and Chen, Z.J. (2005) Identification and Characterization of MAVS, a Mitochondrial Anti-
viral Signaling Protein That Activates NF-xB and IRF 3. Cell, 122, 669-682. https://doi.org/10.1016/j.cell.2005.08.012

Rehwinkel, J. and Gack, M.U. (2020) RIG-I-like Receptors: Their Regulation and Roles in RNA Sensing. Nature Re-
views Immunology, 20, 537-551. https://doi.org/10.1038/s41577-020-0288-3

Pei, J., Wagner, N.D., Zou, AJ., Chatterjee, S., Borek, D., Cole, A.R., et al. (2021) Structural Basis for IFN Antagon-
ism by Human Respiratory Syncytial Virus Nonstructural Protein 2. Proceedings of the National Academy of Sciences
of the United States of America, 118, e2020587118. https://doi.org/10.1073/pnas.2020587118

Schwab, L.S.U., Farrukee, R., Eléouét, J., Rameix-Welti, M., Londrigan, S.L., Brooks, A.G., et al. (2022) Retinoic
Acid-Inducible Gene | Activation Inhibits Human Respiratory Syncytial Virus Replication in Mammalian Cells and in
Mouse and Ferret Models of Infection. The Journal of Infectious Diseases, 226, 2079-2088.
https://doi.ora/10.1093/infdis/jiac295

Demoor, T., Petersen, B.C., Morris, S., Mukherjee, S., Ptaschinski, C., De Almeida Nagata, D.E., et al. (2012) IPS-1
Signaling Has a Nonredundant Role in Mediating Antiviral Responses and the Clearance of Respiratory Syncytial Vi-
rus. The Journal of Immunology, 189, 5942-5953. https://doi.org/10.4049/jimmunol.1201763

Sabbah, A., Chang, T.H., Harnack, R., Frohlich, V., Tominaga, K., Dube, P.H., et al. (2010) Erratum: Corrigendum:
Activation of Innate Immune Antiviral Responses by Nod2. Nature Immunology, 11, 969-969.
https://doi.org/10.1038/ni1010-969b

Segovia, J., Sabbah, A., Mgbemena, V., Tsai, S., Chang, T., Berton, M.T., et al. (2012) TLR2/MyD88/NF-xB Pathway,
Reactive Oxygen Species, Potassium Efflux Activates NLRP3/ASC Inflammasome during Respiratory Syncytial Virus
Infection. PLOS ONE, 7, €29695. https://doi.org/10.1371/journal.pone.0029695

DOI: 10.12677/acm.2024.1461900 1223 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2024.1461900
https://doi.org/10.3390/biology12020317
https://doi.org/10.1164/rccm.200509-1489oc
https://doi.org/10.1097/inf.0b013e3181684d67
https://doi.org/10.1016/j.bcp.2020.114316
https://doi.org/10.1371/journal.ppat.1007984
https://doi.org/10.1016/j.cell.2020.02.041
https://doi.org/10.1111/resp.12542
https://doi.org/10.1631/jzus.b2000808
https://doi.org/10.1007/s10753-017-0720-4
https://doi.org/10.2174/1381612827666210716160030
https://doi.org/10.4049/jimmunol.1000733
https://doi.org/10.3389/fimmu.2023.1240552
https://doi.org/10.1016/j.cell.2005.08.012
https://doi.org/10.1038/s41577-020-0288-3
https://doi.org/10.1073/pnas.2020587118
https://doi.org/10.1093/infdis/jiac295
https://doi.org/10.4049/jimmunol.1201763
https://doi.org/10.1038/ni1010-969b
https://doi.org/10.1371/journal.pone.0029695

i, HIE

[24]

[25]

[26]

[27]

(28]

[29]
(30]

[31]

[32]

[33]

Sun, Y. and Lopez, C.B. (2017) The Innate Immune Response to RSV: Advances in Our Understanding of Critical
Viral and Host Factors. Vaccine, 35, 481-488. https://doi.org/10.1016/j.vaccine.2016.09.030

Varricchi, G., Harker, J., Borriello, F., Marone, G., Durham, S.R. and Shamji, M.H. (2016) T Follicular Helper (ts,)
Cells in Normal Immune Responses and in Allergic Disorders. Allergy, 71, 1086-1094.
https://doi.org/10.1111/all.12878

Blanken, M.O., Rovers, M.M., Molenaar, J.M., Winkler-Seinstra, P.L., Meijer, A., Kimpen, J.L.L., et al. (2013) Res-
piratory Syncytial Virus and Recurrent Wheeze in Healthy Preterm Infants. New England Journal of Medicine, 368,

1791-1799. https://doi.org/10.1056/nejmoal211917

Spann, K.M., Tran, K., Chi, B., Rabin, R.L. and Collins, P.L. (2004) Suppression of the Induction of Alpha, Beta, and
Gamma Interferons by the NS1 and NS2 Proteins of Human Respiratory Syncytial Virus in Human Epithelial Cells and
Macrophages. Journal of Virology, 78, 4363-4369. https://doi.org/10.1128/jvi.78.8.4363-4369.2004

Thornhill, E.M. and Verhoeven, D. (2020) Respiratory Syncytial Virus’s Non-Structural Proteins: Masters of Interfe-
rence. Frontiers in Cellular and Infection Microbiology, 10, Article 225. https://doi.org/10.3389/fcimb.2020.00225

FELIAIRH, s, AL, 5. WRIRGE -G MR R IR SRk R[] b [ AN S, 2018, 24(2): 237-242.
Cunningham, C.K., Karron, R.A., Muresan, P., Kelly, M.S., McFarland, E.J., Perlowski, C., et al. (2022) Evaluation of
Recombinant Live-Attenuated Respiratory Syncytial Virus (RSV) Vaccines RSV/6NS2/61313/11314L and RSV/276 in

RSV-Seronegative Children. The Journal of Infectious Diseases, 226, 2069-2078.
https://doi.org/10.1093/infdis/jiac253

Stuart, A.S.V., Virta, M., Williams, K., Seppa, I., Hartvickson, R., Greenland, M., et al. (2022) Phase 1/2a Safety and
Immunogenicity of an Adenovirus 26 Vector Respiratory Syncytial Virus (RSV) Vaccine Encoding Prefusion F in Adults
18-50 Years and RSV-Seropositive Children 12-24 Months. The Journal of Infectious Diseases, 227, 71-82.
https://doi.org/10.1093/infdis/jiac407

Regev-Yochay, G., Gonen, T., Gilboa, M., Mandelboim, M., Indenbaum, V., Amit, S., et al. (2022) Efficacy of a Fourth
Dose of Covid-19 mRNA Vaccine against Omicron. New England Journal of Medicine, 386, 1377-1380.
https://doi.org/10.1056/nejmc2202542

Walsh, E.E., Pérez Marc, G., Zareba, A.M., Falsey, A.R., Jiang, Q., Patton, M., et al. (2023) Efficacy and Safety of a
Bivalent RSV Prefusion F Vaccine in Older Adults. New England Journal of Medicine, 388, 1465-1477.
https://doi.org/10.1056/nejmoa2213836

DOI: 10.12677/acm.2024.1461900 1224 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2024.1461900
https://doi.org/10.1016/j.vaccine.2016.09.030
https://doi.org/10.1111/all.12878
https://doi.org/10.1056/nejmoa1211917
https://doi.org/10.1128/jvi.78.8.4363-4369.2004
https://doi.org/10.3389/fcimb.2020.00225
https://doi.org/10.1093/infdis/jiac253
https://doi.org/10.1093/infdis/jiac407
https://doi.org/10.1056/nejmc2202542
https://doi.org/10.1056/nejmoa2213836

	呼吸道合胞病毒感染对慢性阻塞性肺疾病作用的研究现状
	摘  要
	关键词
	Research Status on the Role of Respiratory Syncytial Virus Infection in Chronic Obstructive Pulmonary Disease
	Abstract
	Keywords
	1. 引言
	2. RSV与COPD的研究进展
	2.1. RSV与COPD概述
	2.2. RSV与先天性免疫
	2.2.1. RSV触发TLRs途径
	2.2.2. RSV触发RLRs途径
	2.2.3. RSV触发NLRs途径

	2.3. RSV与获得性免疫
	2.4. RSV与免疫逃逸

	3. RSV与治疗
	3.1. 减毒活疫苗
	3.2. 载体疫苗
	3.3. mRNA疫苗
	3.4. 亚单位疫苗

	4. 结语
	参考文献

